This study was conducted to investigate the effect of various horticultural substrates (compost, peat-coconut, peat TS1, flower soil, lowmoor peat) and a foliar spray of chlormequat (at a concentration of 1380 mg dm -3 ) on the growth and flowering of the marigold cultivars belonging to two species: Tagetes erecta -ʻMarvel Mixtureʼ and ʻTaishan Orangeʼ, and Tagetes patula -ʻDurango Redʼ and ʻBonanza Flameʼ. The obtained results show that the plants grown in peat TS1 and peat-coconut were taller, had longer internodes and leaves, and thicker stems than the plants grown in the other substrates. Chlormequat significantly reduced the height of ʻMarvel Mixtureʼ (in peat TS1), ʻTaishan Orangeʼ (in lowmoor peat) and 'Bonanza Flameʼ (in peat-coconut). The use of chlormequat also accelerated the development of flower heads in ʻTaishan Orangeʼ (in lowmoor peat).
INTRODUCTION
Marigolds are among the most popular ornamental garden and balcony plants (Hongpakdee and Ruamrungsri 2015, Kumar et al. 2016) . They are characterized by a very long flowering season, lasting from May until the autumn frosts, and high resistance to heat and drought. They occur naturally in subtropical South and Central America, and Mexico. The main species grown as garden plants are the Mexican marigold (Tagetes erecta), French marigold (T. patula) and Golden marigold (T. tenuifolia).
In mass production, marigold seedlings are usually grown for a specified date. Increased competition has led the industry to prepare seedlings of the highest possible quality, as only good quality plant material finds buyers nowadays.
The main factor affecting cultivation in containers is the properly prepared and selected substrate. The substrate determines both the correct root growth and the development of the aboveground parts. Each substrate should have appropriate physical characteristics, in particular high porosity, high water capacity, durable structure and availability of nutrients (Fascella 2015) . Horticultural production is increasingly based on ready-made substrates produced on an industrial scale from single components that are strictly controlled in terms of quality. There are many readymade substrates, among which the peat-coconut substrate is particularly highly recommended by its manufacturers for the cultivation of balcony and bedding plants. However, the ready-made substrates based on peat and coconut fibre can be substituted by cheaper compost-based soils (Ingelmo et al. 1998, Dobrowolska and Janicka 2014) .
An important role in the cultivation of marigolds is also played by growth retardants, which influence the structure of plants, inhibiting their growth and often increasing the number of flowers (Latimer 1991 , Abdella 2014 . Retardants that are appropriately selected for the species and used in a correct concentration and at the right time during cultivation allow growers to obtain plants with specific characteristics affecting their decorative value (Asgarian et al. 2013 ).
This study focuses on two species: Tagetes erecta (Mexican marigold) and Tagetes patula (French marigold), which have the greatest economic importance among the available marigolds. The aim of this study was to examine the impact of various horticultural substrates and the plant growth retardant chlormequat on the growth and flowering of the studied marigold species.
MATERIAL AND METHODS
The experiment was carried out on four marigold cultivars belonging to two species: Tagetes erecta L. -ʻMarvel Mixtureʼ and ʻTaishan Orangeʼ, and Tagetes patula L. -ʻDurango Redʼ and ʻBonanza Flameʼ, in the period from April to June of 2013. Seed material (rubbed seed) came from the seed company Vitroflora (Poland).
Marigold seeds were sown in rows, with a spacing of 2.0 × 0.5 cm, into plastic boxes, and covered with a layer of 1.5 cm of peat-coconut substrate produced by Ceres. The previous study (not published) had revealed peat-coconut to be the most suitable substrate for the germination of marigolds. Boxes were placed in a poly-tunnel, maintaining a day air temperature of 19-20°C and . Lowmoor peat was additionally limed using calcium carbonate in the amount of 6 g dm -3 to achieve pH = 6.0 (based on neutralisation curve and tested again using a System ISFET pH 3000, PNT 300 acidometer). At the same time, the air temperature in the poly-tunnel was reduced to 17°C. Four weeks after transplanting, half of the plants were sprayed with chlormequat (0.1% Cycocel 460 SL) at a concentration of 1380 mg dm -3 . Plants not treated with chlormequat were used as the control (CTR).
The experiment was divided into two stages. In the first stage (Stage I), covering the three weeks between transplanting the seedlings and spraying them with the growth retardant, the influence of the various substrates on plant height, internode length, main stem diameter at the base, average length of leaves (growing on the main stem) and the number of flower buds per plant was assessed.
In the second stage (Stage II), lasting four weeks between spraying with the growth retardant and withering of the first flower heads, the measurements additionally included the number and diameter of developed inflorescences (flower heads) and, in the case of the French marigold, the number of shoots per plant.
Biometric measurements of the plants (during Stages I and II) were carried out using a ruler and a Vernier calliper. The length of the lower internode of Tagetes patula was measured only in the first stage of the experiment, as in the second stage the plants began to tiller, which was not observed for Tagetes 
RESULTS

Stage I -Effect of substrate type on the growth and development of marigolds
The analysis of results at 21 days after transplanting the Mexican marigold demonstrated that the nature of the substrate affected the growth and development of both cultivars tested. Taller plants were found on the peat TS1 and peat-coconut substrates (11.3-12.6 cm) as compared to the plants grown in the other substrates (9.4-10.4 cm) (Tab. 3). A similar pattern was observed for leaf length and stem diameter, which in both cultivars were also higher for the peat TS1 and peat-coconut substrates. The longest internodes (12.0 and 12.9 mm) were recorded for the plants grown in the peat-coconut substrate. Using the lowmoor peat substrate resulted in plants that grew more slowly, had shorter leaves and thinner stems in comparison with the plants grown in the other substrates (Tab. 3). Genotypic differences in the development of the tested plants were observable in the length of the leaves in lowmoor peat, and in the length of the internodes in the compost soil and the peat-coconut substrate. At 21 days after transplanting, the setting of flower buds was observed for both marigold cultivars. The highest number of flower buds (0.90) developed on the Marvel Mixture cultivar grown in the compost substrate. No buds formed on any plants grown in the peat-coconut substrate, while ʻMarvel Mixtureʼ did not develop any buds when grown in the peat TS1 substrate. For the other substrates, the number of flower buds was in the range of 0.25-0.60 (Tab. 3). All of the buds were in the closed bud developmental phase.
At three weeks after transplanting, a positive effect of peat TS1 and peat-coconut substrates on the growth of both cultivars of French marigold was observed, with an average height of approximately 10.0-11.0 cm (Tab. 4). Leaf length and stem diameter were greater, 37.7-38.3 mm and 4.3-4.6 mm, respectively, for plants grown in the flower soil, in comparison with the other substrates. The longest internodes were obtained for the Durango Red cultivar grown in the peatcoconut substrate. These internodes were 2.1 cm longer than the internodes of the Bonanza Flame cultivar grown in the same medium. The shortest leaves (27.8 mm) were recorded for ʻDurango Redʼ grown in lowmoor peat. Lower values for leaf length and shoot diameter were recorded for both cultivars grown in lowmoor peat, as compared to plants grown in the other substrates. For ʻDurango Redʼ, also lower height was observed in lowmoor peat than in peat TS1, peat-coconut and compost (Tab. 4).
After 21 days from transplanting, the formation and opening of flower buds was observed for the French marigold. More buds (1.00) were noted for ʻBonanza Flameʼ cultivated in compost-based soil, peat TS1 and flower soil. The same cultivar grown in lowmoor peat formed the lowest number of buds (0.20) (Tab. 4).
Stage II -Effect of substrate type and growth retardant on the growth and development of marigolds
Regardless of the cultivar, seven weeks after being transplanted into lowmoor peat, the Mexican marigold plants were characterized by the lowest height (23.3-25.1 cm) and the thinnest stems (7.5-7.9) in comparison with the plants grown in the other substrates (Tab. 5). Average leaf length was at a similar low level (47.4-58.3), both in compost and lowmoor peat. Longer leaves and thicker stems were obtained in the peat TS1 substrate (although Table 3 , ** R -chlormequat, *** CTR -control the mean values were not significantly higher). The peat TS1 also had a positive impact on the number of flower buds, flower heads and their diameter. Only for the Marvel Mixture cultivar did more buds develop on the plants grown in the peatcoconut substrate. Marigolds growing in lowmoor peat were characterized by a smaller diameter of flower heads (Tab. 6). Four weeks after spraying the Mexican marigold with the growth retardant, significantly shorter plants were observed for the Marvel Mixture cultivar grown in peat TS1 and for the ʻTaishan Orangeʼ grown in lowmoor peat -24.1 cm and 22.0 cm, respectively, compared with the control plants (Tab. 5). In other cases, no significant effects of chlormequat on the tested plants were observed. Chlormequat accelerated the development of flower heads for ʻTaishan Orangeʼ grown in lowmoor peat (from 1.0 to 1.8). Aside from this effect, the use of this growth retardant did not affect the other examined characteristics of either Mexican marigold cultivar (Tab. 6).
After seven weeks of the experiment, it was noted that the different substrates did not affect the height of French marigolds (Tab. 7). The peat TS1 substrate contributed to the development of longer leaves (55.8-58.6 mm) in both cultivars tested, in comparison with the other substrates. Lowmoor peat decreased leaf length as well as the diameter and number of shoots. There were no plant variety effects on the tested characteristics of the plants, except leaf length in peat-coconut after chlormequat treatment and stem diameter in lowmoor peat (Tab. 7). For both the Bonanza Flame and Durango Red cultivars, growing in peat TS1 decreased the number of flower heads while increasing their diameter. Moreover, ʻDurango Redʼ grown in the peat TS1 substrate formed significantly fewer flower buds (1.19) compared with the peat-coconut substrate (2.91). For ʻBonanza Flameʼ, more flower heads were observed in the peat-coconut substrate (5.0), while for ʻDurango Redʼ this occurred in the flower soil (4.4). Plants grown in lowmoor peat had flower heads with a smaller diameter (Tab. 8).
The growth retardant significantly reduced (from 22.3 to 16.1 cm) the height of ʻBonanza Flameʼ plants cultivated in the peat-coconut substrate. In the same substrate, chlormequat application increased the leaf length (from 52.8 to 57.7 mm) of ʻDurango Redʼ. Apart from that, its use did not affect the other studied characteristics of marigolds (Tabs 7-8).
DISCUSSION
The range of substrates available today is diverse and adapted to the species of plants and the various stages of their production. Despite this, horticultural production is often based on readymade peat or peat-coconut substrates enriched with mineral fertilizers. These substrates, unlike standard garden topsoil, are easy to use and do not require a long period of preparation.
In the present experiment, an influence of the peat TS1 and peat-coconut substrates was observed on the growth and development of marigolds, which were characterized by increased height, longer leaves and thicker stems in comparison with plants grown in the other substrates. Plants of the Mexican marigold grown in peat TS1 also developed flowers with a larger diameter of flower heads. Other studies had also reported a positive influence of peat-coconut or coconut substrates on the growth and development of plants such as marigold, verbena, zinnia, celosia and impatiens (Awang and Ismail 1997 , Dobrowolska and Startek 2003 , Herrera-Moreno et al. 2013 , Hongpakdee and Ruamrungsri 2015 . In our experiment, the tested marigold cultivars were characterized by much better growth and significantly better flowering in comparison with the other substrates used. According to Hou and Yang (2011) and Vujošević et al. (2013) , best quality marigold seedlings are produced when peat is the principal component of the growing media. The favourable impact of highmoor peat (together with mineral soil) has also been reported for the growing and flowering of the Corsican hellebore (Henschke et al. 2014) . Witcher (2008) described the highmoor peat-based substrate as a basic substrate component in the production of marigolds, and coconut fibre as its very promising substitute.
According to Nazari et al. (2008) , a compost mixture can be used as a soil for the production of ornamental plants. Sewage sludge, being a component of substrates, had improved development of geranium (Andre et al. 2002) , and compost substrates also allowed proper growth of horned violet cultivars (Dobrowolska and Janicka 2014) . In our study, the Mexican marigold cultivars grown in the compost soil formed the highest number of buds, as measured 21 days after transplanting, while no buds were observed at that time on the plants grown in the peat-coconut substrate. Towards the end of our experiment, the differences in the number of buds between the compost soil and the other substrates (including peat-coconut) were not significant. Wraga and Placek (2011) , cultivating the Egyptian Star Cluster in substrates containing different amounts of compost, indicated the usefulness of a substrate with 20% compost for the development of the vegetative and generative phase of the plant.
The present experiment demonstrated a negative effect of using lowmoor peat substrate on the growth and development of marigolds. Like Dobrowolska and Startek (2003) , Awang and Ismail (1997) had also obtained fewer and less well developed plants in lowmoor peat. This confirms the previous results (Haber 1998) suggesting the low suitability of lowmoor peat, including its use as a component of horticultural soils, due to its tendency to become clogged and lose its structure, as well as the variable properties of source materials.
The flower soil used in the study favourably influenced the French marigold's stem diameter and leaf length, in a similar way to the peat TS1 and peat-coconut substrates. Bachman and Metzger (2008) , in their research with the French marigold, had also obtained a similar size of leaves in plants cultivated both in a commercial potting substrate and a substrate amended with 20% vermicompost.
In commercial gardening practice, the use of growth retardants is one of the basic procedures with the aim of reducing the length of the stems. Plants grown under the influence of a growth retardant also have stimulated root systems and are more compact, with more abundant leaves and more flowers (Latimer 1991 , Asgarian et al. 2013 .
In the present experiment, no influence of chlormequat on the growth and development of marigolds was observed beyond individual cases. Similar results had been reported in the case of zinnia sprayed with different doses (500-1500 mg dm -3 ) of chlormequat (Asgarian et al. 2013 ), which was explained by an early application of the regulator. However, chlormequat applied as a single drench at 1.0 g dm -3 significantly reduced the height of zinnia plants (Pinto et al. 2005) . Studies with marigold by Schroeter and Janowska (2003) reported shorter stems after the application of chlormequat (460 and 690 mg dm ). These retardants also had a positive impact on the tillering of plants. Jerzy and Schroeter (2004) found reduced growth in retardant-sprayed marigolds, with chlormequat (0.2%) being more effective than flurprimidol. Latimer (1991) examined the effect of growth retardants on marigold development and reported a low impact of daminozide (5000 ppm) on stem length, whereas spraying with paclobutrazol (10-40 ppm) and ancymidol (200 ppm) resulted in shorter plants (by 24%) in comparison with the controls. He obtained similar results for the leaves, which were smaller, but for the application of ancymidol and paclobutrazol.
In the present study, the growth retardant accelerated the development of flower heads in the Taishan Orange cultivar, but only in lowmoor peat. Pushkar and Singh (2012) had also achieved a very rapid emergence and growth of marigold flower buds after spraying with chlormequat (1000 ppm), which they explained by the plants creating a surplus nutrient supply as a result of the reduction in growth and an increase in the number of branches. Branching was also likely to have contributed to a reduction in the diameter of flower heads. A study by Schroeter and Janowska (2003) reported the lack of an effect of chlormequat on the abundance of flowers and the size of flower heads of the French marigold. Their later study concerning daminozide (2550 mg dm (Kumar et al. 2011) . Differences in the effectiveness of growth retardants among cultivars can depend on their concentrations and environmental and cultural growing conditions. 
CONCLUSIONS
FUNDING
